ables including history of hypertension, diabetes, and CV disease. Conclusion: The increased risk of all-cause and CV mortality in kidney stone formers is likely a reflection of unique demographics and associated comorbidities. There is no independent association of prevalent kidney stone disease with all-cause and CV mortality.
associated with an increased risk of kidney function decline and incident end-stage renal disease [8, 9] .
Despite these strong associations between kidney stone disease and other systemic illnesses that are important and well-established predictors of survival, no studies to date have examined the independent relationship between allcause and CV mortality risk and kidney stone disease. Therefore, in this study we aim to examine the relationship between kidney stone disease and all-cause and CV mortality among the US adult population using the Third National Health and Nutrition Examination Survey, 1988-1994 (NHANES III).
Subjects and Methods
Study Population NHANES III is a national probability sample of the total noninstitutionalized civilian population, 2 months of age or over in the United States. It is a cross-sectional study and was conducted from 1988 to 1994. The survey collected demographic, socioeconomic, dietary, and health-related information, in addition to the examination and laboratory data obtained by highly trained medical personnel.
There were a total of 33,994 participants in NHANES III, and our analyses were limited to 20,024 adult participants 18 years or older who had mortality data. Among those, 19,597 responded 'yes' or 'no' to the question regarding the history of kidney stones. Responders who did not have complete information on physical activity or poverty-income ratio (PIR); had missing body mass index (BMI); did not have measurements of serum C-reactive protein (CRP), total cholesterol (TC), high-density lipoprotein (HDL), and serum 25-hydroxy vitamin D (25(OH)D); were missing estimated glomerular filtration rate (eGFR) as measured by the Modification of Diet in Renal Disease (MDRD) equation, or had incomplete data for the history of hypertension, diabetes, and CV disease were excluded (n = 4,718). Thus, the final sample used in this study included 14,879 adult participants.
Primary Predictor and Outcome
The primary predictor or independent variable was prevalent kidney stone disease. It was extracted from the interview data file. 'Have you ever had a kidney stone?' was the question asked during the standardized home interview. Adult participants who responded 'yes' to the question were considered to have a history of kidney stone in life. Participants were also asked the number of different occasions they passed a kidney stone.
The outcome or dependent variable of interest was all-cause and CV mortality. To evaluate mortality we used the NHANES III linked mortality file. This uses probabilistic record matching with the National Death Index through December 31, 2006 to determine the mortality status among NHANES III eligible participants. International Classification of Diseases, Tenth Revision (ICD10) codes were used to identify participants for all-cause mortality, as well as for whom CV disease was listed as the underlying cause of death (ICD10 I00-I78). A detailed description of matching methodology is available [10] .
Covariates
Age was defined as age at the time of the interview. Race/ethnicity was self-reported as non-Hispanic white (NHW), non-Hispanic black (NHB), Mexican American (MA), or other. A history of hypertension was defined as a self-reported physician diagnosis of hypertension, ever having been asked to take blood pressure medication, or taking blood pressure medication at the time of interview. A history of diabetes was defined as a self-reported physician diagnosis of diabetes or taking insulin at the time of interview. A history of CV disease was defined as having at least one of the following: self-reported physician diagnoses of acute myocardial infarction, stroke, or heart failure. Physical activity assessment was part of the comprehensive interview. Participants were asked to identify various exercises during their spare time. They were asked to specify the number of times they engaged in an identified activity during the past month. The frequency of other exercises, sports, or activities was also recorded. The physical activity was specified as the sum of intensity rating multiplied by times (of each activity) every month. PIR was obtained by dividing family income by the poverty threshold and was used as the indicator of socioeconomic status. A cutoff value of 2.0 was based on previously reported PIR value distribution among NHANES III population [11] . Of note, a PIR <2.0 corresponds to a low socioeconomic status. Family income was reported during the household interview. The poverty thresholds are adjusted for family size and are updated annually for inflation. BMI was calculated from the weight and height measured during the physical examination. Serum CRP was quantified using latex-enhanced nephelometry. Serum TC and HDL were measured enzymatically. Serum 25(OH)D concentrations were measured using a radioimmunoassay kit (DiaSorin Inc., Stillwater, Minn., USA) [12] . Serum creatinine was measured using the Jaffe modified kinetic method. The eGFR was calculated using the MDRD equation [13] .
Statistical Analysis
We used SAS (9.3) PROC SURVEYMEANS and SURVEY-FREQ to obtain descriptive statistics for the population. Characteristics of the population were compared between those with and without any history of kidney stone using the Rao-Scott χ 2 for categorical variables and ANOVA for continuous variables. SAS (9.3) PROC SURVEYPHREG was used to perform Cox proportionalhazards regression analyses. Results were presented as a hazard ratio (HR) with 95% CI. In Cox regression, we first examined the unadjusted HR of all-cause mortality and CV mortality. Then for model 1, we added age (continuous variable), gender (male, female), race/ethnicity (NHW, non-Hispanic Black, Mexican American, and other), and PIR (<2.0 vs. ≥ 2.0). For model 2, we added BMI (continuous variable), history of diabetes (yes, no), history of hypertension (yes, no), history of CV disease (yes, no), TC (continuous variable), HDL (continuous variable), and physical activity (continuous variable) in addition to those in model 1. For model 3, we added additional variables including eGFR (continuous variable), CRP (continuous variable), and serum 25(OH)D concentration (continuous variable) to model 2. Due to the complex sample strategy of NHANES III, appropriate 6-year weights and strata were applied. Because SAS was unable to generate surveyadjusted Kaplan-Meier plots, median follow-up times, and separate models for males and females, R version 2.15.0 and its associated Survey package were used for these analyses. Previous analyses conducted in SAS were duplicated in R to confirm that all results were comparable.
Results
Out of 14,879 participants eligible for the final analysis, 683 reported a history of kidney stones. There were a total of 3,590 all-cause and 1,608 CV deaths during a median follow-up of 14.9 years. As shown in table 1 , stone formers tended to be older, male, and NHW compared to nonstone formers. They also had a higher BMI, TC, and a lower HDL, and were more likely to have a history of hypertension, diabetes, and CV disease. In addition, stone formers had a higher serum CRP concentration and lower kidney function as measured by eGFR. Serum 25(OH)D concentrations were not different between stone formers and nonstone formers. Of note, 91% of the subjects in this study reported their income, and stone formers were more likely to have a higher socioeconomic status based on income. Table 2 shows that kidney stone formers had a significantly higher risk of all-cause mortality (HR: 1.95, 95% CI: 1.64-2.33, p < 0.0001) and CV mortality (HR: 2.05, 95% CI: 1.60-2.62, p < 0.0001) in unadjusted analysis ( fig. 1 , 2 ) . Among the demographic variables in the analyses, age was found to be an important modifier of the mortality risk in this study. To confirm this age effect, we added age to the unadjusted model between kidney stone disease and allcause mortality, and found that kidney stone disease was no longer associated with a higher risk of all-cause mortality (HR: 1.15, 95% CI: 0.99-1.33, p = 0.07). As expected, age was a significant predictor of all-cause mortality in unadjusted analysis (HR per 10-year age increase: 2.40, 95% CI: 2.31-2.49, p < 0.0001). The additions of neither gender nor race alone into the unadjusted model resulted in any significant change in the association between kidney stone disease and all-cause mortality (data not shown).
In our multivariate Cox proportional hazard regression analyses ( table 3 ) 
Discussion
To our knowledge, this is the first study examining the independent association of prevalent kidney stone disease with all-cause and CV mortality in the US adult population. We showed a significant increase in all-cause and CV mortality risk among stone formers in unadjusted analysis. However, after adjusting for age, other demographic variables, and vascular risk factors, the association of kidney stone disease with all-cause or CV mortality was no longer significant. This complete attenuation of the association suggests that the mortality risk among stone formers is likely a reflection of unique demographics and shared risk factors for mortality and kidney stone disease. Consistent with findings from earlier studies [1, 5, [14] [15] [16] , stone formers in our study were older and had a male predominance. They were also more likely to have hypertension, diabetes, and obesity. Hypertension among stone formers has been linked to a reduction of urinary citrate excretion, and thus promotes stone formation [17] . Both glucose intake and insulin administration can reduce calcium reabsorption [18] [19] [20] , suggesting that a high glucose and insulin state from insulin-resistance in diabetes and obesity can increase urinary calcium excretion. In addition, by suppressing renal tubular ammonium production [21] , insulin resistance can lead to more acidified urine and increase the risk of uric acid stone formation [22] . Prevalent chronic kidney disease (CKD) was also more common among stone formers in our study population, consistent with what has been reported by Gillen et al. [23] and other investigators [9, 24] . It is unclear why stone formers develop CKD, as evidence suggests CKD risk among stone formers is independent of traditional risk factors such as hypertension and diabetes [9] . Stone type (in particular, cystine and struvite stones, among others) could be the contributing factor for developing CKD, although potential mechanisms are not clear [25] .
Because of the strong associations of the above-mentioned CV disease risk factors with prevalent kidney stone disease, it is not surprising to see a significantly increased risk of CV disease among stone formers in our study population. This is consistent with the findings reported previously by Reiner et al. [6] who showed a strong association between kidney stone disease and carotid wall thickness among CARDIA study participants. Rule et al. [7] compared 4,564 kidney stone formers to 10,860 matched controls from Olmsted County (Minn., USA), and reported a 31% increased risk for new-onset myocardial infarction in stone formers after adjustment for CKD and other comorbidities.
Among all the demographic and clinical variables included in this study, older age, male gender, poverty, physical inactivity, history of hypertension, diabetes, CV disease, reduced body vitamin D store, and inflammatory state were strong predictors of all-cause mortality and CV mortality. These are consistent with the mortality risk factors previously described in the general population [26] [27] [28] . Reduced kidney function was also noted to be a predictor for CV mortality, as it has been reported in the US adult population [29] . Furthermore, higher BMI appeared to have a mild protective effect on both all-cause mortality and CV mortality. This was unexpected considering the high mortality risk among the overweight general population [30] . Limitations of our study need to be mentioned. First, the prevalent kidney stone cases were self-reported, and some participants may have kidney stone disease without self-awareness or clinical diagnosis. This may lead to potential misclassification and is likely to be random with respect to case status. Therefore, it could bias the study results toward the null. Second, we do not have information on stone composition, although approximately 80% of kidney stones in the general population, like NHANES, are calcium based. It is unclear whether patients with a different type of kidney stone carry different mortality risks. Lastly, due to the observational study design and the nature of the NHANES survey database, we cannot establish any causal relationships.
In summary, the increased risk of all-cause and CV mortality among kidney stone formers is likely a reflection of unique demographics and associated comorbidities. There is no independent association of prevalent kidney stone disease with mortality. Future studies in other populations are needed to confirm these results.
